ABSTRACT. The purpose of our study was to determine minimum information needed for rational management of inthe effects of insumation time (TI) and of tidal volume (VT) fants and children on mechanical ventilation. Because both on the passive deflation time constant ( 7 ) of juvenile rab-respiratory gas flow and volume are dependent on 7 , to provide bits. We sedated and paralyzed nine 7-wksld New Zealand optimal gas exchange it is necessary to match the mechanical rabbits (wt 1.2 0.2 SD kg) and placed them on a time-breathing device to the mechanical properties of the respiratory cycled, pressure-limited mechanical ventilator. Measure-system. ments of T and dynamic compliance of the respiratory Recently, experiments in healthy rabbits demonstrated that 7 system were made at nine ventilator settings. TI was ad-is influenced by TI (2). This observation could be explained by justed to 0.2,0.4, and 0.6 s and VT was adjusted to 10,15, the visoelastic properties of the respiratory system (3) or by a and 20 rnL so that the effects of TI and VT on T could be distribution of passive exhalation time constants (4); presently, determined independently. Respiratory system quasi-static there are no methods available for distinguishing if one of the and static compliances were also measured and served as two phenomena dominates. a basis for discussing the physiologic explanations for the The purpose of our study was to investigate the effects of V , effects of TI and VT on T. In general, increases in TI resulted as wdl as TI, on 7 of the lungs of small rabbits. As a basis for in increases in T and increases in VT also resulted in discussing the possible effects of stress relaxation and a distribuincreases in 7. Increasing TI from 0.2 to 0.6 s plus increas-tion of r on the measured r, we calculated the compliance of the ing V, from 10 to 20 mL resulted in an increase in T from respiratory system by three different methods. We measured 0.220 2 0.007 to 0.282 f 0.010 s (mean f SEM) ( p < Cdyn, Gsr and C,,.
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0.05, student Newman-Kuels), which is a 28% increase. At a VT of 10 mL, dynamic compliance increased from 1.95 f 0.10 to 2.14 & 0.10 mL1cm H z 0 (p < 0.05) when TI
MATERIALS AND METHODS
was increased from 0.2 to 0.6 s; however, dynamic compliAnimal preparalion. We studied nine 7-wk-old New Zealand ance decreased 19% as VT was increased from 10 to 20 White rabbits weighing ktween 1 100 and 1 350 g ( 1239 * 230 mL. Quasi-static compliance increased from 2.04 f 0.07 g, mean ? SD). We anesthetized each rabbit with ketamine (30 to 2.17 f 0.12 mL/cm H20 { p < 0.05) as dellation volume mg/kg), acepromazine ( 1 mgjkg), and rompun (0.7 mgjkg) and was increased from 10 to 20 mL, yet static compliance then placed them in the supine position. Using lidocaine as a remained relatively constant at 2.6 mL/cm HIO in the local anesthetic, we then introduoed an endotracheal tube (3.0-volume range of 10 to 20 mL. We conclude that k t h TI mrn inner diameter) through a tracheostomy and tied sutures and VT affect T in the small, healthy rabbit and that neither around the trachea to prevent air leakage. We mechanically the viscoelrmstic properties of the lung nor parallel modeling ventilated the rabbits using a was placed between the ventilator tubing "T" and the endotra-C,, static compliance cheal tube. For G,, measurements, we fabricated a "clamp connector" using a 3-cm length of3/8-inch inner diameter polyvinylchloride tubing. We connected the clamp connector to a fitting that was designed to house the large (1 5-mm) end of an endotracheal tube adapter, similar to the ventilator T connector. One pa=iive deflation time constants are used to characterize the end of the clamp connector was attached to the pneumotachmechanics of the respiratory system and are clinically useful for ometer and the other end was connected to the endotracheal predicting the time required for a complete exhaIation during tube adapter. This a l l o w us to obstruct flow at a position mechanical ventilation. Shannon (1) sugg&s that 7 , arterial between the pneumotachometer and the rabbit (5). we moni-chloride tubing to couple the pressure transducers to the pneumotachometer and to the endotracheal tube adapter. We sampled the data at 0.0 10-s intervals.
Measurem~nl methods. We measured the T during mechanical. ventilation using methods similar to those described by LeSouef el a!. (5); however, we did not obstruct flow to allow pressures to reach equilibrium throughout the lung. This allowed the respiratory units having a short time constant to become more fully charged than the respiratory units having longer time constants; this reasoning assumes that a distribution of T exists. We calculated time constants from the passive deflation flow-volume curve (Fig. I) , which we recordad after adjusting the ventilator to each of the nine different settings.
The ranges of TI and VT chosen encompass the ventilator settings and VT most frequently used on infants in our newborn intensive care unit. We increased the inflation time from 0.2 to 0.4 s and then to 0.6 s while the tidal volumes were kept constant at 10, 15, and then 20 mL by adjusting both the peak inflation pressure and the ventilator flow rate. We maintained the positive endexpiratory pressure at 2 crn H20 to reduce the possibility of partial or sequential airway closure during exhalation. When TI was 0.2 and 0.4 s, the ventilator was time cycled rather than pressure limited. Therefore, the airway pressure increased throughout the time of inflation except during the brief period at the very end of inhiion when the ventilator cycled for deflation and yet inflation wntinud briefly as long as the airway pressure was greater than the alveolar pressure. When the TI was 0.6 s, the ventilator was pressure limited and the airway pressure remained constant for a portion of the ventilator inflation cycle. During this time, when the ventilator was pressure limited, the insufflation flow returned to 0 before the ventilator cycled for deflation. Throughout each expriment, we held the ventilator deflation cycle constant for all of the ventilator settings and adjusted them sufficiently long to insure complete deflation of the lung to a relaxation volume at 2 crn H20 pressure.
FLOW (mu$)
We calculated time constants using a linear regression with seven points weighted evenly in volume, as opposd to time, from 30-9096 of the deflation volume (6). We determined respiratory system Gyn from the quotient of VT and the &fference ktween the airway pressures at end-inflation and enddeflation. An interpolation subroutine &hated the airway pressures when the flow equaled 0 at end-inflation and enddeflation.
To determine C , , we clamped the polyvinyl-chloride tubing of the fabricated clampconnector at, or very near end inflation, disconnected the rabbit from the ventilator while allowing pressures within the lung to reach equilibrium for 2 s, and then released the clamp so that the rabbit exhaled to the atmosphere.
We calculated respiratory system C$, from the quotient of the volume exhaled to the atmosphere and the airway pressure measured just before the release of the ciamp. We made the G6 measurements at volumes of 10, 15, and 20 mL.
We obtained static pressursvolume curves for the respiratory system over a volume range of 30 mL. First, we disconnected the rabbits from the ventilator and allowed them to exhale to atmospheric pressure, Then, using a 50-mL glass syringe connected to the endotracheal tube, we insuMated the lungs with 30 mL of air and allowed pressures in the lung to equilibrate for 2 s. We then withdrew 5-mL volumes of air and sampled the airway pressure at each lung volume after allowing 2 s for pressures to equilibrate at each volume. We calculated the chord compliances by dividing the volumes of 10, 15, and 20 mL by the pressure differences between the airway pressures at these volumes and the airway pressure at 0 mL. We sighed the animals with 30 cm Hz0 a k y pressure for 2-s just before all measurs ments: dynamic, quasi-static, and static.
Statistics. All data are reported as mean value + SEM. We used two-way analysis of variance, with student Newman-KueIs test, to assess differences between the resuh of the 7 , Gyn, and &, measurements determined at the different TI and VT settings.
A p < 0.05 was considwed significant.
The research protocol was reviewed and approved by the Baylor Animal Protocol Review Committee.
RESULTS
Increasing TI from 0.2 to 0.6 s while VT was held constant at 10 rnL resulted in an increase in T of 1 1% (p c 0.05) (Fig. 2) and an increase in Gym of 10% ( p < 0.05) ( Table 1) . Increasing VT from 10 to 20 mL while holding TI wnstant also lead to an average increase in T of 1 1 % ( p < 0.051, but Cdyn decreawd 10% ( p < 0.05).
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